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Background: Consumption of ethnic street foods is very popular in both Gangtok and Nainital in India,
both being popular tourist resorts in the Indian Himalayas. Common ethnic street foods of Gangtok are
samosa, kachori, puchkka, alu chop, vegetable momo, pork momo, alu-cheura, vegetable chowmein, jhal-
muri, and sya-faley. Common ethnic street foods of Nainital are samosa, kachori, pani puri, alu tikki,
vegetable momo, mutton momo, bread chop, vegetable chowmein, jhal-muri, and vegetable pakoda.
Methods: A microbiological analysis was conducted to determine bacteria, including pathogenic bacteria,
in the food samples. Enterotoxins were also determined.
Results: Lactococcus lactis, Lactobacillus plantarum, Lactobacillus brevis, Enterococcus faecium, Bacillus
subtilis, Bacillus pumilus, Bacillus licheniformis, Bacillus cereus, Escherichia coli, Enterobacter aerogenes,
Enterobacter cloacae, Salmonella enteritica, Staphylococcus aureus, Staphylococcus epidermidis, and Shigella
ﬂexneriwere isolated from 233 samples of different street foods collected from Gangtok and Nainital. The
dominant contaminant bacteria were enterobacteriaceae followed by Staphylococcus spp. and B. cereus in
the food samples tested. Only a few street foods tested positive for toxin production. Salmonella toxins
and Staphylococcus enterotoxins were not detected in the street foods tested.
Conclusion: The risks associated with street foods may be controlled by educating vendors about hy-
gienic conditions. In conclusion, street foods are important ethnic foods sold in popular tourist spots in
India for marginal local vendors.
© 2016 The Authors. Published by Elsevier B.V. on behalf of Korea Food Research Institute. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Street foods are ready-to-eat foods prepared and/or sold by
vendors in public places [1], and are appreciated for their unique
ﬂavor and convenience, as well as for maintaining the nutritional
value of traditional foods [2]. Street foods ensure food security for
low-income group urban populations [3,4]. Vendors are often with
no formal education, untrained in food hygiene, and work under
crude and unsanitary conditions and have no or very little knowl-
edge about the cause of food-borne diseases [5]. Irrespective of its
health effects, people consume street foods in day-to-day life which
are sold in the streets, public places, busy market places, school
areas, near college campuses, and taxi stands, etc. [6]. Although
there are scanty studies on street foods in India, some studies haveogy, School of Life Sciences,
ndia.
mang).
B.V. on behalf of Korea Food Reserevealed that as many as 20e30% of foods are consumed as street
foods in India [7].
Gangtok, the capital of Sikkim state of India is located at a
height of 5,500 feet in the Eastern Himalayas and is a popular
tourist destination (Fig. 1A). Nainital is also a popular hill station
in the Indian state of Uttarakhand (Fig. 1B) in the Western
Himalayas [8]. It has been observed that the consumption of
ethnic street foods is quite popular in both Gangtok and Nainital
by local people as well as by tourists, mainly because these re-
gions are popular tourist destinations in the country. Common
ethnic street foods of Gangtok are samosa, kachori, puchkka, alu
chop, vegetable momo, pork momo, alu-cheura, vegetable chow-
mein, jhal-muri, and sya-faley (Table 1; Figs. 2Ae2G) and common
ethnic street foods of Nainital are samosa, kachori, pani puri, alu
tikki, vegetable momo, mutton momo, bread chop, vegetable
chowmein, jhal-muri, and vegetable pakoda (Table 2;
Figs. 3Ae3C). The vendors prepare foods locally at their homes
and the foods are sold in the streets, public places, busy market
places, school areas, near college campuses, and taxi stands, etc.arch Institute. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. Location maps. (A). Location map of Gangtok in Sikkim state of India. (B) Location map of Nainital in Uttarakhand state of India.
J Ethn Foods 2016; 3: 235e241236This paper aimed to assess the microorganisms present in the
ethnic street foods of Gangtok and Nainital and also to determine
the presence of toxins.
2. Materials and methods
2.1. Collection of samples
Samples of street foodsdsamosa, kachori, puchkka, alu chop,
vegetable momo, pork momo, alu-cheura, vegetable chowmein,
jhal-muri, and sya-faleydwere collected directly from different
markets of Gangtok in Sikkim. Similarly, street foods such as
samosa, kachori, pani puri, alu tikki, vegetable momo, mutton
momo, bread chop, vegetable chowmein, jhal-muri, and vegetable
pakoda were collected from different markets of Nainital in
Uttarakhand. Samples were collected aseptically in presterile
poly-bags and sterile bottles, kept in ice-boxes, and wereTable 1
Ethnic streets foods of Gangtok.
Street foods Ingredients
Alu-cheura Potato, beaten rice, spices, salt
Jhal-muri Puffed rice, spices, onion, salt
Puchhka Flour, potato, tamarind, rock salt, spices
Vegetable momo Flour, cabbage, monosodium glutamate, onion, spi
Pork/beef/chicken momo Flour, pork/beef/chicken, monosodium glutamate,
Samosa Flour, potato, onion, spices, oil, salt
Alu-faaley Flour, potato, onion, spices, salt
Sya-faaley Flour, beef, onion, spices, oil, salt
Pyaazi Gram ﬂour, onion, chilli, oil, salt
Beef kofta Gram ﬂour, beef, onion, chilli, monosodium glutam
Alu-dum Potato, onion, spices, oil, salt
Bread chop Bread, potato, chilli, spices, oil, salt
Kachori Flour, gram ﬂour, spices, oil, salt
Murai ko dalla Puffed rice, jaggery, salt
Jalebi Gram ﬂour, sugar, oil
Khurma Flour, sugar, oil
Nimki Flour, salt, oil
Vegetable chowmein Flour, different types of vegetables, onion, salt, oil
Chowmein Flour, egg/pork/beef/chicken, vegetables, onion, sa
Alu chop Potato, onion, spices, oil, salt
Selroti Rice batter, sugar, oil
Chola Water, salt, grams, potato, onion, spices, oillabelled. Samples were then transferred to the laboratory and
stored at 4C until analysis. Samples were taken out from freezer
and were analyzed when the temperature of the samples were at
room temperature.2.2. Reference strains
References strains used in this paper are Bacillus cereus Mi-
crobial Type Culture Collection (MTCC) 6840, Enterobacter aero-
genes MTCC 111, Escherichia coli MTCC 1692, Shigella ﬂexneri
MTCC 1457, Salmonella enterica MTCC 733, Staphylococcus aureus
MTCC 7443, and Staphylococcus epidermidis MTCC 3615. Origi-
nally, these reference strains were obtained from MTCC (Institute
of Microbial Technology, Chandigarh, India) and were propagated
in standard nutrient agar and were maintained as frozen stocks
at 20C in 15% glycerol.Nature of food
Cooked: fried, snack
Raw: snack
Mixture of fried, cooked, and raw ingredients: snack
ces, salt Steamed: staple
onion, spices, salt Steamed: staple
Deep-fried: snack
Fried: snack
Fried: snack
Fried: snack
ate, oil, salt Fried: snack
Cooked: snack
Fried: snack
Deep-fried: snack
Sweet: confectionary
Fried, sweet: snack
Fried, sweet: snack
Fried: snack
Shallow fried: snack/staple
lt, oil Shallow fried: snack/staple
Fried: snack
Fried: confectionary
Cooked: snack
Fig. 2. Street foods of Gangtok. (A) Samosa. (B) Kachori. (C) Puchhka. (D) Pork/beef/chichen Momo. (E) Alu-cheura. (F) Vegetable chowmein. (G) Sya-faley.
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Ten grams of sample was homogenized with 90 mL of 0.85% (w/
v) sterile physiological saline in a stomacher laboratory blender
(400, Seward, Worthing, UK) for 1 minute. A serial dilution in the
same diluent was made. Lactic acid bacteria (LAB) were isolated onde Man, Rogosa, and Sharpe agar (M641, HiMedia, Maharashtra,
India) plates supplemented with 1% calcium carbonate and were
incubated at 30C under anaerobic conditions in an anaerobic gas-
pack container (LE002, HiMedia) for 48e72 hours. Spore-forming
bacilli were isolated on nutrient agar (MM012, HiMedia) after
inactivation of vegetable cells by heating at 100C for 2minutes and
Table 2
Ethnic street foods of Nainital.
Street foods Ingredients Nature of food
Alu chat Potato, ﬂour, spices Cooked, fried: snack
Jhal-muri Puffed rice, spices, onion, tamarind juice, salt Raw: snack
Pani puri Flour, potato, tamarind, salt, spices Mixture of fried, cooked and raw ingredients: snack
Momo Flour, cabbage or mutton, onion, spices, salt Steamed: staple
Samosa Flour, potato, onion, spices, oil, salt Deep-fried: snack
Alu tikki Potato, onion, spices, salt Fried: snack
Pyaazi Gram ﬂour, onion, chili, oil, salt Fried: snack
Vegetable pakoda Gram ﬂour, vegetables, onion, oil, salt Fried: snack
Bread chop Bread, potato, chili, spices, salt Fried: snack
Kachori Flour, gram ﬂour, spices, oil, salt Deep-fried: snack
Egg chop Egg, gram ﬂour, salt Fried, snack
Chat Different types of snacks (dalmot), onions, tomato, lemon, oil, salt Mixed (fried and raw) ingredients: snack
Dalmot Salted different types of fried snacks Fried: snack
Alu dosa Rice ﬂour, salt, oil, spices Fried: snack/staple
Chowmein Flour, different types of vegetables/chicken, mutton/egg, onion, salt, oil Shallow fried: snack/staple
Egg bun Egg, bun, onion, tomato, salt Cooked: staple
J Ethn Foods 2016; 3: 235e241238then incubated at 37C for 24 hours. Yeasts were isolated on yeast
malt agar (M424, HiMedia), supplemented with 12-mg/mL strep-
tomycin sulfate, and were incubated aerobically at 28C for 72
hours. Molds were isolated on potato dextrose agar (M096, HiMe-
dia) supplemented with 10-IU/mL benzyl penicillin and incubated
aerobically at 28C for 72 hours. Total viable counts were deter-
mined in the plate count agar (M091A, HiMedia) and were incu-
bated at 30C for 48e72 hours. Microbiological data obtained were
transformed into logarithms of the numbers of colony forming unit
(cfu) per gram (g) of sample. Identiﬁed strains of microorganisms
were preserved in respective media using 15% (v/v) glycerol
at 20C.
2.4. Phenotypic characterization of microorganisms
Cell morphology of all isolates and their motility were deter-
mined using a phase contrast microscope (Olympus CH3-BH-PC,Fig. 3. Street foods of Nainital. (A) KacJapan). Isolates were gram stained and tested for catalase produc-
tion, and were preliminarily identiﬁed based on the phenotypic
properties such as carbon dioxide production from glucose,
ammonia production from arginine, growth at different tempera-
tures, as well as the ability to grow in different concentrations of
sodium chloride and pH based on the method of Schillinger and
Lücke [9]. VogeseProskauer test, nitrate reduction, starch hydro-
lysis, casein hydrolysis, citrate utilization test, bile salt tolerance,
and anaerobic growth were determined for characterization of
Bacillus [10,11]. Sugar fermentation proﬁles of LAB and Bacilluswere
determined using commercial API 50 CHL and CHB kits (bio-
Merieux, Marcy l'Etoile, France), respectively.
Violet red bile glucose agar w/o lactose (M581, HiMedia) was
used for detection of enterobacteriaceae in samples [12], Salmo-
nellaeShigella agar (M108, HiMedia) was used for the detection of
Salmonella and Shigella, Listeria identiﬁcation agar base (M1064,
HiMedia) with Listeria selective supplement (FD061, HiMedia) forhori. (B) Alu tikka. (C) Bread chop.
N. Kharel et al / Microbiology of street foods of India 239Listeria [13], Cetrimide agar (MM024, HiMedia) was used for the
detection of Pseudomonas spp. [14], and Kaper's medium (M1169,
HiMedia) was used for the detection of Aeromonas spp. [15].
Thiosulfate citrate bile salt sucrose (M189, HiMedia) was used for
the detection of Vibrio spp. [16]. Selective enumeration of S. aureus
was carried out on BairdeParker agar (MM043, HiMedia) with
appropriate addition of egg yolk tellurite emulsion (FD046,
HiMedia) [17].
For the conﬁrmatory tests of the following bacteria, various
commercial biochemical test kits were used such as a biochemical
test kit (KB001, HiMedia) for enterobacteriaceae, identiﬁcation kit
(KB004, HiMedia) for S. aureus, biochemical test kit (KB001,
HiMedia) for Salmonella spp. and Shigella spp., identiﬁcation kit
(KB012, HiMedia) for Listeria spp., and a biochemical test kit
(KB007, HiMedia) for Vibrio spp. The conﬁrmatory test of Pseudo-
monas spp. was done following the taxonomic keys of Sneath et al
[18] and Aeromonas spp. was done following the taxonomic keys of
Popoff [15].2.5. pH
The pH of the sample was determined using a digital pH meter
(Type 361, Systronics, India) [19].2.6. Enumeration of halo-tolerant bacteria
The total count of halo-tolerant bacteria was determined at
different concentrations of salt on plate count agar [12].2.7. Hemolysis of blood agar
Nutrient agar containing 0.85% sodium chloride and 5% (v/v)
deﬁbrinated ox blood was used for a hemolytic test of Staphylo-
coccus spp. [20].2.8. Coagulase test
Clumping factor or Protein A from Staphylococcus spp. isolated
from street foods were tested using dry spot staphytect test kits (DR
100, Oxoid, Basingstoke, UK) [20].2.9. Most probable number counts
The most probable number (MPN) count of coliforms was
determined following themethod of Cappuccino and Sherman [21].
Positive presumptive samples were further streaked on eosin
methylene blue agar (M317, HiMedia) plates and incubated at 37C
for 24 hours. Water samples were tested using a biochemical test
kit (KB001, HiMedia) for enterobacteriaceae.2.10. Staphylococcus enterotoxins
Production of S. aureus enterotoxins was determined by
reversed passive latex agglutination toxin detection kits (r-Bio-
pharm, Darmstadt, Germany) [22].2.11. Bacillus diarrheal enterotoxin
Bacillus diarrheal enterotoxin visual immunoassay was per-
formed according to the manuals' instruction (Tecra® Bacillus
Diarrhoel Enterotoxin VIA, 3 M Centre, St. Paul, MN, USA).2.12. Immunoassay for detection of toxins
The presence of enterotoxins and toxins of pathogenic bacteria
was detected in food samples using an enzyme-linked immuno-
sorbent assay reader (BioRad, Hercules, CA, USA) [23].
3. Results and discussion
Based on personal observations and interviews with the pro-
ducers, consumers, and sellers engaged in the production of the
street foods, the methods of preparation and varieties of ethnic
street foods were documented [8] and are summarized in Tables 1
and 2. Various street foods are sold in Gangtok and Nainital,
which include samosa, kachori, puchkka, alu chop,momo (vegetable,
chicken, mutton, pork, beef), alu-cheura, chowmein (vegetable,
chicken,mutton, pork, beef, egg), jhal-muri, alu tikki, bread chop, and
vegetable pakoda. It has been observed that the consumption of
street foods is quite popular in both Gangtok and Nainital by local
people as well as by tourists, mainly because these regions are
popular tourist destinations in the country. The vendors prepare
foods locally at their homes and the foods are sold in the streets,
public places, busy market places, school areas, near college cam-
puses, and taxi stands, etc. A total of 121 samples of street foods
were collected from Gangtok and 112 samples of street foods were
collected from Nainital and were analyzed to determine the mi-
crobial load expressed in log cfu/g andpH, respectively (Tables 3 and
4). LAB was detected up to the level of 104e105 cfu/g. The load of
Bacillus was greater than 106 log cfu/g, and was the dominant
microorganism in the food samples of both Gangtok and Nainital.
Based on their detailed characteristics and identiﬁcation proﬁles
(data not shown), the following genera and species of LAB isolated
fromvarious street foods of Gangtok and Nainital were identiﬁed as
Lactococcus lactis, Lactobacillus plantarum, Lactobacillus brevis, and
Enterococcus faecium. Based on taxonomical keys of Slepecky and
Hemphill [11], spore forming rod-shaped bacteria from street foods
were identiﬁed as Bacillus subtilis, Bacillus pumilus, Bacillus lichen-
iformis, and Bacillus cereus. The predominance of Bacillus spp. was
possibly due to the presence of spores in the raw materials which
may have survived cooking [24]. High loads of species of Bacillus up
to 107 cfu/g in street foods of Gangtok was similar to that reported
from street foods (panipuri, dahibara, and chaat) of Baripada town in
Odisha state of India [16]. We found the prevalence of S. aureus in
kachori of Gangtok and Nainital was 19.5% and 33%, respectively.
Puchkka of Tadong Bazaar of Gangtok had the highest enter-
obacteriaceae population of 106 log cfu/g followed by samosa of Lal
Bazaar of Gangtok at 105 log cfu/g (data not shown), which is above
the acceptable levels and may prove to be hazardous to human
health [25]. Similarly, some street foods of Nainital were recorded at
the level of 104 log cfu/g, which is also above the acceptable level
[25]. The dominant pathogen during the monsoon season was E.
coli, which may have been due to the use of affected water [14].
Food-borne bacterial pathogens commonly detected in street-
vended foods are B. cereus, Clostridium perfringens, S. aureus, and
Salmonella spp. [24,26e29]. Escherichia coli frequently contami-
nates food items and is often considered a good indicator of fecal
pollution [30]. Presence of Enterobacter spp. was reported in street
foods of Malaysia [31]. Escherichia coli, Salmonella spp., and S. aureus
were reported in some common street foods such as pakoda,
kachori, and samosa of India [14]. More than 104 cfu/g of B. cereus is
considered unsatisfactory and consumption of foods with greater
than or equal to 105 cfu/g may even lead to food-borne illness [32].
In our ﬁndings street foods such as samosa, kachori, puchkka,
vegetable momo, pork momo, alu-cheura, and sya-faley from Gang-
tok had B. cereus at the level of 104 cfu/g and sample of alu chopwas
at 105 cfu/g, which is far exceeding the acceptable levels [32].
Table 3
Microbiological populations of some street foods of Gangtok.
Product pH Log cfu/g sample
LAB Bacilli Enterobacteriaceae Staphylococcus Salmonella Yeast TVC
Samosa (n ¼ 13) 6.0 ± 0.2 0.8 ± 0.03 5.6 ± 0.06 4.2 ± 0.06 3.4 ± 0.02 1.5 ± 0.02 < DL 7.3 ± 0.06
Kachori (n ¼ 11) 6.1 ± 0.1 1.7 ± 0.05 6.4 ± 0.07 4.1 ± 0.04 3.03 ± 0.0 1.3 ± 0.0 < DL 7.5 ± 0.06
Puchkka (n ¼ 12) 5.0 ± 0.1 3.0 ± 0.07 6.8 ± 0.13 5.2 ± 0.04 1.9 ± 0.02 < DL 2.2 ± 0.05 8.7 ± 0.06
Alu chop (n ¼ 12) 6.9 ± 0.1 1.9 ± 0.07 4.1 ± 0.04 5.0 ± 0.04 < DL < DL 1.2 ± 0.02 6.3 ± 0.08
Vegetable momo (n ¼ 11) 6.2 ± 0.1 < DL 4.0 ± 0.06 4.1 ± 0.06 4.1 ± 0.04 2.3 ± 0.0 < DL 7.0 ± 0.06
Pork momo (n ¼ 13) 6.7 ± 0.2 4.0 ± 0.04 6.1 ± 0.04 3.9 ± 0.04 3.3 ± 0.04 1.1 ± 0.02 1.5 ± 0.0 7.3 ± 0.2
Alu-cheura (n ¼ 14) 4.9 ± 0.1 3.4 ± 0.04 7.7 ± 0.02 4.8 ± 0.06 4.2 ± 0.06 1.8 ± 0.0 5.2 ± 0.1 8.6 ± 0.04
Vegetable chowmein (n ¼ 12) 5.8 ± 0.2 1.5 ± 0.03 4.7 ± 0.06 2.2 ± 0.02 1.5 ± 0.0 < DL 2.8 ± 0.04 6.8 ± 0.05
Jhal-muri (n ¼ 12) 4.8 ± 0.2 < DL 4.9 ± 0.06 2.6 ± 0.02 < DL < DL 1.7 ± 0.03 7.2 ± 0.0
Sya-faley (n ¼ 11) 4.8 ± 0.1 2.1 ± 0.04 5.0 ± 0.04 2.8 ± 0.06 2.5 ± 0.02 < DL < DL 7.0 ± 0.04
Data represents the means (± standard deviation) of number of samples. Each sample was analyzed in duplicate. Listeria spp., Pseudomonas spp., Aeromonas spp., Shigella spp.,
and Vibrio spp. were not detected in any sample. Mold was not detected in any of the sample.
DL, less than detection limit (10 cfu/g); LAB, lactic acid bacteria; TVC, total viable count.
J Ethn Foods 2016; 3: 235e241240Similarly, in food samples from Nainital only kachori was recorded
at 104 cfu/g,which is at themarginal level of acceptable limits. There
was low contaminant bacteria count in vegetable chowmein from
both Gangtok and Nainital. This may be due to the use of vinegar
during preparation, as similar observation was reported [33]. The
presence of which can be accounted due to unhygienic working
conditions, cross-contamination, or might even have resulted from
thewater samples used during the preparation processes [34]. Food
items were generally prepared much before the time of selling and
stored at room temperature, which might have provided a suitable
environment for the multiplication of these pathogens [35].
Occurrence of high bacterial loads in street foods was even sup-
ported by earlier ﬁndings [35e37].
Yeast isolated from street foods of Gangtok and Nainital were
identiﬁed as Saccharomyces cerevisiae and Pichia burtonii, based on
taxonomical keys of Kurtzman et al [38]. Molds were not recovered
in any sample examined. The lesser levels of yeast and the total
absence of mold in all food samples tested could be due to the time
and temperature exposure for the steaming/frying/cooking pro-
cesses. The pH in street foods of Gangtok and Nainital was 5e6
except for jhal-muri and sya-faley of Gangtok which had a pH of 4.8
(Tables 3 and 4).
Only E. coli GS:E1 and S. aureus strains GS:S1, GK1:S1, GM1:S1,
GBS:S1, and GBS2:S1 isolated from street foods of Gangtok grew
well in 10% NaCl. Similarly, E. coli NS:E1 and NJ1:E1 and S. aureus
NK:S1 and NM2:S1 isolated from street foods of Nainital tolerated
10% NaCl (data not shown). This could be related to the similar
ﬁndings on the study conducted on sufuda Chinese fermented
product where most of the enterobacteriaceae did not tolerateTable 4
Microbiological populations of some street foods of Nainital.
Product pH
LAB Bacilli Entero
Samosa (n ¼ 13) 6.2 ± 0.1 < DL 6.3 ± 0.04 4
Kachori (n ¼ 10) 6.0 ± 0.2 3.7 ± 0.09 4.9 ± 0.6 3
Pani puri (n ¼ 11) 5.0 ± 0.2 < DL 6.8 ± 0.06 1
Alu tikki (n ¼ 13) 6.6 ± 0.2 < DL 4.7 ± 0.06 4
Vegetable momo (n ¼ 10) 6.4 ± 0.1 2.8 ± 0.06 4.9 ± 0.04 3
Mutton momo (n ¼ 10) 6.9 ± 0.2 2.6 ± 0.04 5.9 ± 0.02 3
Bread chop (n ¼ 14) 6.9 ± 0.1 2.1 ± 0.04 6.2 ± 0.02 4
Vegetable chowmein (n ¼ 9) 6.1 ± 0.2 < DL 4.9 ± 0.7 2
Jhal-muri (n ¼ 11) 5.0 ± 0.1 2.3 ± 0.05 4.8 ± 0.05 2
Vegetable pakoda (n ¼ 11) 6.6 ± 0.1 4.1 ± 0.06 5.4 ± 0.06 1
Data represents the means (± standard deviation) of number of samples. Each sample wa
and Vibrio spp. were not detected in any sample. Mold was not detected in any of the sa
DL, less than detection limit (10 cfu/g); LAB, lactic acid bacteria; TVC, total viable count.elevated salt levels but a considerable salt tolerance activity was
recorded in S. aureus [12].
Strains of S. aureus isolated from street foods of Gangtok and
Nainital showed hemolytic and coagulase activities, whereas
strains of S. epidermidis did not show any hemolytic and coagulase
activities. This could be related to the fact that S. aureus show
positive results for hemolytic and coagulase activities, while other
strains of Staphylococcus show negative results [39]. The level of
coagulase-positive S. aureus is considered potentially hazardous at
greater than or equal to 104 cfu/g, and may even lead to food-borne
illness [33]. MPN count showed that water samples of Lal Bazaar
were the most contaminated water samples of Gangtok. Similarly,
water samples collected from Malli Tall of Nainital were the most
contaminated water samples. All strains tested for MPN were
identiﬁed as E. coli.
Escherichia coli toxin was detected from alu-cheura of Gangtok
and jhal-muri of Nainital. No Salmonella toxins were detected from
food samples collected from Gangtok and Nainital. Bacillus cereus
diarrheal enterotoxins were detected in alu-cheura and puchkka
samples from Gangtok and bread chop of Nainital. The enterotoxins
produced by B. cereus are responsible for emetic or diarrhea food
poisoning [40]. Some strains of B. cereus may cause food poisoning
with an infective dose as low as 103e104 cfu/g [41]. Some strains of
S. aureus produce heat-stable staphylococcal enterotoxins [17]. The
enterotoxin production level required for strains of S. aureus is
greater than 106 cfu/g [42]. No staphylococcal enterotoxins were
detected in the samples studied; this could be possibly related to
some earlier studies with S. aureus in tempe (fermented soybean
food of Indonesia) fermentation [43]. In the samples of nhamdaLog cfu/g sample
bacteriaceae Staphylococcus Salmonella Yeast TVC
.2 ± 0.03 2.7 ± 0.02 3.1 ± 0.06 < DL 6.9 ± 0.02
.8 ± 0.0 3.6 ± 0.02 < DL < DL 6.5 ± 0.05
.4 ± 0.02 5.1 ± 0.06 < DL 4.5 ± 0.04 7.4 ± 0.0
.2 ± 0.4 1.2 ± 0.02 3.9 ± 0.02 0.8 ± 0.0 6.3 ± 0.02
.9 ± 0.04 1.2 ± 0.02 2.5 ± 0.02 < DL 5.7 ± 0.0
.7 ± 0.06 3.9 ± 0.06 2.1 ± 0.04 < DL 7.0 ± 0.02
.4 ± 0.04 2.3 ± 0.04 1.2 ± 0.02 2.1 ± 0.02 7.8 ± 0.06
.6 ± 0.02 < DL 0.9 ± 0.02 1.9 ± 0.02 6.2 ± 0.06
.2 ± 0.0 < DL < DL < DL 5.9 ± 0.05
.0 ± 0.02 < DL < DL < DL 6.4 ± 0.08
s analyzed in duplicate. Listeria spp., Pseudomonas spp., Aeromonas spp., Shigella spp.,
mples.
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S. aureus, no enterotoxins were recovered [44].
The risks associated with the street foods can further be
controlled and made safer if the following factors are considered.
Firstly, there needs to be consumer awareness regarding the
freshness, quality, and hygienic environment of the street foods.
Secondly, by educating vendors about hygienic conditions, and
lastly, the concerned Government authorities should periodically
check and monitor the preparatory conditions of the shops/stalls in
order to maintain the quality of the street foods. In conclusion, if
possible risk factors associated with ethnic street foods can be
controlled, ethnic street foods will be totally safe for consumption
and will also promote the ethnic foods in India.Conﬂicts of interest
All authors have no conﬂicts of interest to declare.References
[1] Hanashiro A, Morita M, Matte GR, Matte MH and Torres EAS. Microbiological
quality of selected foods from a restricted area of Sao Paulo city, Brazil. Food
Control 2005;16:439e44.
[2] Kharel N and Tamang JP. Street foods: risk and safety. J Hill Res 2010;23:1e9.
[3] Ekanem EO. The street food trade in Africa: safety and socio-environmental
issues. Food Control 1998;9:211e5.
[4] World Health Organization (WHO). Essential safety requirements for street
vended foods, revised edition. Geneva (Switzerland): WHO; 1996.
[5] Barro N, Bello AR, Itsiembou Y, Savadogo A, Ouattara CAT, Nikiema PDSC and
Traore AS. Street vended foods improvement: contamination mechanism and
application of food safety objective strategy: critical review. Pakistan J Nutri
2007;6:1e10.
[6] Dawson RJ and Canet C. International activities in street foods. Food Control
1991;2:135e9.
[7] Sudershan RV, Subbarao GM and Polasa K. Making Hyderabad the street food
capital of India. A strategy. Hyderabad: National Institute of Nutrition, Indian
Council of Medical Research; 2009.
[8] Kharel N, Palni U and Tamang JP. Ethnic street foods sold in Gangtok and
Nainital towns of India. J Hill Res 2013;26:64e87.
[9] Schillinger U and Lücke FK. Identiﬁcation of Lactobacilli from meat and meat
products. Food Microbiol 1987;4:199e208.
[10] Claus D and Berkeley RCW. Genus Bacillus Cohn 1872. In: Sneath PHA,
Mair NS, Sharpe ME and Holt JG, editors. Bergey’s manual of systematic
bacteriology, vol. 2. Baltimore, MD: Williams & Wilkins; 1986. p. 1105e39.
[11] Slepecky RA and Hemphill HE. The genus Bacillus-non-medical. In:
Dworkin M, Falkow S, Rosenberg E, Schleifer KH and Stackebrandt E, editors.
The prokaryotes, a handbook on the biology of bacteria: bacteria, ﬁrmicutes,
cyanobacteria. 3rd ed. New York: Springer-Verlag; 2006. p. 530e62.
[12] Han BZ, Beumer RR, Rombouts FM and Nout MJR. Microbiological safety and
quality of commercial sufu-a Chinese fermented soybean food. Food Control
2001;12:541e7.
[13] Metaxopoulos J, Samelis J and Papadelli M. Technological and microbiological
evaluation of traditional process as modiﬁed for the industrial manufacturing
of dry fermented sausages in Greece. Italian J Food Sci 2001;13:3e18.
[14] Tambekar DH, Jaishwal VJ, Dhanorkar DV, Gullhane PB and Dudhane MN.
Identiﬁcation of microbiological hazards and safety of ready-to-eat food
vended in streets of Amravati city. India J Appl Biosci 2008;7:195e201.
[15] Popoff M. Genus III: aeromonas. In: Krie NR and Holt JG, editors. Bergey’s
manual of systematic bacteriology, vol. 1. Baltimore (MD): Williams & Wil-
kins; 1984. p. 545e7.
[16] Rath CC and Patra S. Bacteriological quality assessment of selected street foods
and antibacterial action of essential oils against food borne pathogens. Int J
Food Saf 2012;14:5e10.
[17] Bergdoll MS and Lee Won AC. Staphylococcal intoxications. In: Rieman HP and
Cliver DO, editors. Foodborne infections and intoxications. San Diego (CA):
Academic Press, Elsevier Inc.; 2006. p. 523e62.[18] Sneath PHA, Mair NS, Sharpe ME and Holt JG. Bergey’s manual of systematic
bacteriology, vol. 2. Baltimore (MD): Williams and Wilkins; 1986.
[19] AOAC. Ofﬁcial methods of analysis. 15th ed. Virginia: Association of Ofﬁcial
Analytical Chemists; 1990.
[20] Harrigan WF. Laboratory methods in food microbiology. 3rd ed. London (UK):
Academic Press; 1998.
[21] Cappuccino J and Sherman N. Microbiology: a laboratory manual. 3rd ed.
London (UK): Academic Press; 1998.
[22] Chomvarin C, Chantarasuk Y, Srigulbutr S, Chareonsudjai S and Chaicumpar K.
Enteropathogenic bacteria and enterotoxin-producing Staphylococcus aureus
isolated from ready-to-eat foods in Khon Kaen, Thailand. Southeast Asian J
Trop Med Pub Health 2006;37:983e90.
[23] Boynukara B, Gulhan T, Alisarli M, Gurturk K and Solmaz H. Classical entero-
toxigenic characteristics of Staphylococcus aureus strains isolated from bovine
subclinical mastitis in Van, Turkey. Int J Food Microbiol 2008;125:209e11.
[24] Mosupye FM and Von Holy A. Microbiological quality and safety of street-
vended foods in Johannesburg city, South Africa. J Food Prot 1999;62:
1278e84.
[25] Thatcher PS and Clark DS. Microorganisms in foods. Their signiﬁcance and
methods of enumeration, vol. 1. Toronto (Canada): University of Toronto
Press; 1968.
[26] Bryan FL, Teufel P, Riaz S, Roohi S, Qadar F and Malik ZUR. Hazards and critical
control points of vending operations at a railway station and bus station in
Pakistan. J Food Prot 1992;55:534e41.
[27] Bryan FL, Teufel P, Riaz S, Roohi S, Qadar F and Malik ZUR. Hazards and critical
control points of street-vending operations in a mountain resort town in
Pakistan. J Food Prot 1992;55:701e7.
[28] Bryan FL, Teufel P, Riaz S, Roohi S, Qadar F and Malik ZUR. Hazards and critical
control points of street-vended chat, a regionally popular food in Pakistan.
J Food Prot 1992;55:708e13.
[29] Bryan FL, Jermini M, Schimitt R, Chilufya EN, Mwanza M, Matoba A, Mfume E
and Chibiya H. Hazards associated with holding and reheating foods at
vending sites in a small town in Zambia. J Food Prot 1997;60:391e8.
[30] Benkerroum N, Bouhal Y, Attar EA and Marhaben A. Occurrence of Shiga
toxin-producing E. coli 0157:H7 in selected diary and meat products marketed
in the city of Rabat, Morocco. J Food Prot 2004;676:1234e7.
[31] Haryani Y, Tunung R, Chai LC, Lee HY, Tang SY and Son R. Characterization of
Enterobacter cloacae isolated from street foods. ASEAN Food J 2008;15:57e64.
[32] Gilbert RJ, De Louvois J, Donovan T, Little C, Nye K, Ribeiro CD, Richards J,
Roberts D and Bolton FJ. Guidelines for the microbiological quality of some
ready-to-eat foods sampled at the point of sale. Community Dis Pub Health
2000;3:163e7.
[33] Entani E, Asai M, Tsujihata S, Tsukamoto Y and Ohta M. Antibacterial action of
vinegar against foodborne pathogenic bacteria including Escherichia coli 0157:
H7. J Food Prot 1998;61:953e9.
[34] Tambekar DH, Kulkarni RV, Shirsat SD and Bhadange DG. Bacteriological
quality of street vended food Panipuri: a case study of Amravati city (MS)
India. Biosci Discov 2011;2:350e4.
[35] Das A, Nagananda GS, Bhattacharya S and Bhardwaj S. Microbiological quality
of street-vended Indian Chaat sold in Bangalore. J Biol Sci 2010;10:255e60.
[36] Das MC, Rath CC and Mohapatra UB. Bacteriology of a most popular street
food (Panipuri) and inhibitory effect of essential oils on bacterial growth.
J Food Sci Technol 2011;49:564e71.
[37] Lucca A and Da Torres. Silva AF. Street-food: the hygienic condition of hotdogs
sold in Sao-Paulo, Brazil. Food Control 2006;17:312e6.
[38] Kurtzman CP, Fell JW and Boekhout T. The yeasts: a taxonomic study. 5th ed.
London (UK): Elsevier; 2011.
[39] Oranusi S, Galadima M and Umoh VJ. Toxicity test and bacteriophage typing of
Staphylococcus aureus isolated from food contact surfaces and foods prepared
by families in Zaria, Nigeria. Afr J Biotechnol 2006;5:362e5.
[40] Granum PE. Bacillus cereus and its toxins. J Appl Bacteriol 1994;76:561e6.
[41] Andersson A, Ronner U and Granum PE. What problem does the food industry
have with the spore-forming pathogens Bacillus cereus and Clostridium per-
fringens. Int J Food Microbiol 1995;28:145e55.
[42] Loir L, Baron F and Gautier M. Staphylococcus aureus and food poisoning.
Genet Mol Res 2003;2:63e76.
[43] Nout MJR, Notermans S and Rombouts FM. Effect of environmental conditions
during soya-bean fermentation on the growth of Staphylococcus aureus and
production and thermal stability of enterotoxins A and B. Int J Food Microbiol
1988;7:299e309.
[44] Chokesajjawatee N, Pormaem S, Zo YG, Kamdee S and Luxananil P. Incidence
of Staphylococcus aureus and associated risk factors in Nham, a Thai fermented
pork product. Food Microbiol 2009;26:547e51.
